Animals can habituate to certain repeated stressors and reduce the physiological response that such stressor evoked initially. Studies related to stress habituation in fish are scarce and the available data differ depending on the species and on the type, duration and severity of the stressor.
Introduction
International concern about fish welfare is increasing and presently, the control of the stressors experienced by fish in aquaculture or research facilities is an important issue to be considered from both the legal and ethical points of view. Besides, uncontrolled stressors may also result in productivity losses in aquaculture. Nevertheless, different kind of stressors are inherent to the life in captivity and a research effort should be made to minimize the impact of different routine procedures on the health and welfare of the fish, especially when the stress suffered by the animals could become chronic.
It is known that animals, to certain extent, can habituate to relatively mild stressors in such a way that they present modified, most usually reduced physiological and behavioral responses to stressors that are repeated in time (Grissom and Bhatnagar, 2009; Nilsson et al., 2012; Rose and Rankin, 2001; Viblanc et al., 2012) . Habituation has been traditionally considered a nonassociative form of learning, and it is believed to have strong evolutionary utility for the conservation of energy and resources by dampening responses to stressors that are not life-threatening (Grissom and Bhatnagar, 2009; Mc Carty, 2016; Nesse et al., 2010) . Information about the ability of fish to habituate to repeated stressors is very scarce since most studies dealing with stress exposure in fish usually comprise laboratory-based trials in which the stressors are applied only once and in which the fish have no or little previous experience with the stressor. Inherent stressors to fish rearing facilities include handling, changes in water quality, tank cleaning, sizing, vaccination/treatment administration, among others. The repeated exposure to the same or different stressor could result in a situation of chronic stress that can become maladaptive for the fish (Wendelaar Bonga, 1997) .
However, little is known about the ability of the fish to habituate to those stressors. Any kind of habituation or sensitization would be of relevance to the assessment of the actual welfare status of the fish in a facility, since habituation ability is part of fish natural robustness against stress exposure (Noakes and Jones, 2012) . Some data suggest that fish are able to habituate to certain stressors (Johansson et al., 2016; Madaro et al., 2016b) but not to others (Barcellos et al., 2006; Koakoski et al, 2013) . The physiological capacity for habituation in fish seems to depend on the type of stressor, the severity and the species involved. It has been shown for example that the hypothalamus-pituitary-interrenal (HPI) axis response in Atlantic salmon was reduced upon exposure to a repeated stressor (5-min chasing, twice a day) for 5 days (Madaro et al., 2016b) .
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The Senegalese sole, Solea senegalensis is a relatively new species in aquaculture and the knowledge regarding potential stressors and the species stress resilience is still limited when compared to other fish species such as salmonids. Recent research demonstrated that the HPI axis of S. senegalensis is sensitive to acute stressors such as handling, high stocking density, salinity changes, poor water quality or air exposure (Costas et al., 2008 (Costas et al., , 2011 Gesto et al., 2016; López-Olmeda et al., 2013; López-Patiño et al., 2013; Weber et al., 2012; Wunderink et al., 2011; ) but almost no information is available regarding the adaptability to repeated and chronic stressors in this species.
In the present study we evaluated the ability of the Senegalese sole to habituate to a chasing protocol after repeated exposure. Brain (serotonergic and dopaminergic activity in telencephalon and hypothalamus, hypothalamic crh and crhbp transcript levels), plasma stress markers (adrenaline, noradrenaline, cortisol, glucose and lactate levels) and liver metabolites (glucose, glycogen and lactate levels) were evaluated after a chasing protocol in fish that had been repeatedly exposed to the same stressor as well as in naïve fish. Since the stress sensitivity of the fish could vary depending on the moment of the day (López-Olmeda et al., 2013; Oliveira et al., 2013) , repeated stress was applied during the day, during the night, or during day and night.
Materials and Methods

Animals
Senegalese sole obtained from a commercial fish farm (Aquacria Piscícolas, S.A., Aveiro, Portugal) were kept under quarantine conditions for a 3-week period. The fish were then individually weighed (88.3 ± 1.5 g), measured and distributed (5 fish per tank) among 10 fiberglass rectangular tanks (0.5 m x 0.4 m x 0.3; 60 L) in a closed recirculation system. The system was supplied with filtered and heated (20.0 ± 1.0 ºC) seawater (24 ppm) at a flow rate of 1.5 L.min -1 .
The daily water renovation of the system was set up at 20% to help keeping good standards in water 
Experimental design
Following a 2-week acclimation period and during the 3 previous days of the experiment, fish of different tanks were stressed by chasing (forcing the fish to move with a net during 5 min) at different times and per duplicated tanks, according to the following experimental groups (Fig. 1 consisting of undisturbed fish and a stressed group (ST/naïve) including naïve fish just exposed to the stressor the day of sampling. On the sampling day, all groups except the controls were submitted to a 5 min-chasing protocol. Thirty minutes after stress, fish were removed from their holding tanks, anesthetized (175 mg/L MS222) and sampled (5 fish per tank, in duplicate); netting was performed by experienced staff in a gentle way. Samples of blood, hypothalamus and telencephalon were removed firstly and then samples of liver were taken, lasting around 15 min for sampling each experimental tank. Tissue samples were immediately frozen on dry ice and stored at -80 °C until further analyses. Plasma samples were obtained after blood centrifugation (9000 rpm, 10 min), then deproteinized (using 0.6 M perchloric acid) and neutralized (using 1 M potassium bicarbonate) before storage at -80ºC until analysis.
Analysis
Plasma stress markers
Plasma cortisol levels were quantified by a commercial ELISA kit (Cayman Europe, Estonia).
Plasma glucose and lactate levels were quantified by means of commercial colorimetric kits (Biomérieux, France, and Spinreact, Spain; respectively).
The levels of plasma catecholamines (adrenaline and noradrenaline) were determined as previously described .
Metabolites in liver
At the time of sampling a piece of about 75 mg was dissected out from each fish liver. These pieces were immediately homogenized by ultrasonic disruption with 5.5 vols. of ice-cooled 0.6 M perchloric acid, and neutralized (using 1 M potassium bicarbonate). The homogenate was centrifuged (10,000 X g, 4 min) and the resulting supernatant was immediately frozen on dry ice and stored at -80ºC until analysis. Liver glycogen levels were assessed using the method of Keppler and Decker (1974) and glucose obtained after glycogen breakdown (after subtracting free glucose levels) was determined with a commercial kit (Biomérieux, Spain). Hepatic lactate levels were determined with a commercial colorimetric kit (Spinreact, Spain).
Brain monoamines
The concentration of serotonin (5HT) and its main metabolite 5-hydroxyindole-3-acetic-acid (5HIAA), as well as dopamine (DA) and its main metabolite 3,4-dihydroxyphenylacetic-acid (DOPAC) were measured by means of HPLC with electrochemical detection as described previously (Gesto et al., 2016; López-Patiño et al., 2013) . Tissues were weighed and homogenized by ultrasonic disruption in 0.5 ml of the HPLC mobile phase. Homogenates were centrifuged (16,000×g, 10 min) and supernatants were further diluted with mobile phase prior to HPLC analysis. Data obtained were normalized to homogenate protein content. Protein was assayed in triplicate in homogenates using microplates according to the bicinchoninic acid method (Smith et al., 1985) using bovine serum albumin (Sigma) as standard.
mRNA abundance analysis by real-time quantitative RT-PCR
Total RNA was extracted from hypothalamus samples (approx. 20 mg) using Trizol reagent (Life Technologies, NY, USA), following manufacturer's instructions, and RNA quantity and quality was evaluated by spectrophotometry (NanoDrop 2000, Thermo Fisher Scientific). Two µg of total RNA were reverse transcribed into cDNA using Superscript II reverse transcriptase (Promega, Madison, Wi, USA) and random hexaprimers (Promega). Gene expression levels were determined by real-time quantitative RT-PCR (q-PCR) using the iCycler iQ (BIO-RAD, Hercules, CA, USA). Analyses were performed on 5 µl of diluted (1/50) cDNA using the MAXIMA SYBR Green qPCR Mastermix (Life Technologies), in a total PCR reaction volume of 15 µl, containing 120 nM of each primer. Sequences of the forward and reverse primers used for the two gene expression assay are shown in Table 1 . Relative quantification of the target genes was done using ubiquitin (ubq) as reference gene (Infante et al., 2008) . Thermal cycling was initiated with
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A C C E P T E D M A N U S C R I P T 7 incubation at 95°C for 2 min using hot-start iTaq DNA polymerase activation; 35 steps of qPCR were performed, each one consisting of heating at 95°C for 15s, 30s at each specific annealing temperature (Table 1 ) and 30s at 72 ºC. Following the final PCR cycle, melting curves were systematically monitored (temperature gradient at 0.5°C/s from 55 to 94°C) to ensure specificity of the amplification. Samples without reverse transcriptase and samples without cDNA were run as negative controls, which were indeed negative. Relative expression of the target genes was calculated using the delta-delta CT method (2-ΔΔCT), following Pffafl (2001).
Statistics
All results are expressed as mean ± SEM. Statistical differences were assessed with a one-way ANOVA with experimental group (Control, ST/naïve, ST/Dt, ST/Nt and ST/Dt+Nt) as main factor.
Only in those cases where a significant effect was noted within a factor, post-hoc comparisons were carried out by a Student-Newman-Keuls test, and differences were considered statistically significant at P<0.05. When necessary data (cortisol, glucose and lactate in plasma) were log transformed to fulfill the conditions of the analysis of variance.
Results
Plasma levels of stress markers
Plasma levels of cortisol, glucose and lactate are presented in Fig. 2 . The levels of these metabolites were higher in stressed fish (ST/naïve) compared to controls, with significant differences for cortisol (P = 0.014) and lactate (P = 0.042). Cortisol levels in trained fish showed higher values than controls in all groups -ST/Dt (P > 0.001), ST/Nt (P = 0.001) and ST/Dt+Nt (P = 0.001)-and were also higher than ST/naïve group in the case of ST/Dt fish (P = 0.015). However, glucose levels were significant lower in ST/Dt, and ST/Dt+Nt compared to ST/naïve group (P < 0.001). In the case of lactate levels in plasma, the three trained groups showed decreased levels compared to controls and naïve fish (P < 0.001).
Regarding catecholamine levels in plasma ( Fig.3 ), they were lower in fish submitted to a reiterative stress compared to controls (in the case of noradrenaline; P = 0.012) and also compared to ST/naïve group in the case of adrenaline in ST/Dt and ST/Dt+Nt groups (P = 0.003).
Metabolite levels in liver
The levels of glucose, glycogen and lactate in liver are presented in Fig.4 . Single stress (ST/naïve) did not induce significant changes in any hepatic metabolite compared to controls.
Repeated stress induced lower levels of glucose in ST/Dt and ST/Dt+Nt groups and glycogen in ST/Dt+Nt group compared to ST/naïve fish. In the case of lactate, no significant changes were detected in any experimental group.
Brain monoamines
The levels of monoamines related to dopaminergic and serotonergic system in hypothalamus are presented in Fig.5 In telencephalon (Fig.6 ), monoamines related to dopaminergic system did not display significant changes in any parameter. However, 5HIAA levels were higher in all stressed groups with respect to control, except for nocturnal trained fish (ST/Nt), and serotonergic ratio (5HIAA/5HT) was higher in ST/Dt and ST/Dt+Nt groups compared to controls.
mRNA abundance
Relative abundance of mRNA of crh and crhbp (Fig.7) was higher in single stressed fish (ST/naïve) with respect to the other experimental groups although significant changes were only observed in the case of crh.
Discussion
In different animals, the magnitude of the response of the HPA/HPI neuroendocrine axis has been shown to decrease after repeated exposure to certain stressors, resulting in a lower release of corticosteroids into the blood by the adrenal cortex/interrenal cells. Therefore, blood corticosteroid levels are often used to assess habituation in vertebrates (Grissom and Bhatnagar, 2009; Mc Carty, 2016) . However, caution should be taken when interpreting such attenuation as a habituation to the stressor, since other factors could be involved in a reduced hormonal response to stress (Cyr and Romero, 2009 ). In the present study, a set of different stress markers at different levels of the neuroendocrine cascade were evaluated to have a clear view of the stress status of the fish.
The available literature on the habituation of fish to stressors is very scarce. Nevertheless, it has been shown that the corticosteroid response to stress in fish is often reduced after repeated exposure to a stressor (Fast et al., 2008; Jentoft et al., 2005; Madaro et al., 2016b; Nilsson et al., 2012) . For example, Madaro and collaborators (2016b) showed that Atlantic salmon parr and postsmolts showed an attenuated cortisol response to a chasing protocol after being exposed just for a few days to the same stressor. This is not always the case, however, and in other studies with fish submitted to repeated stressors, the physiological response to stress after repeated or prolonged exposure was not reduced (Koakoski et al., 2013; Madaro et al., 2016a; Mugnier et al., 1998) ,
suggesting that the habituation to stressors is dependent on fish species, and on stressor nature, severity, duration and timing. In our study, the elevated levels of cortisol observed after chasing stress in the different groups suggest that the fish did not habituate to the chasing after several repeated exposures in the time frame of 84 hours. Fish exposed repeatedly to chasing showed higher cortisol levels after a new chasing protocol when compared to naïve fish. A similar increase in plasma levels of cortisol after repeated stress was observed before in another flatfish species, the turbot (Mugnier et al., 1998) . This may indicate that the fish were still not recovered from the previous chasing protocol and the cortisol response was mounted over that of the previous stress. In this regard, it is known that the dynamics of the stress response in the sole is slower than in other fish species such as rainbow trout 2016) . Accordingly, in a previous study it was shown that, after a similar stressor to that applied here, S. senegalensis individuals needed more than 6 hours to recover basal values for cortisol and other stress markers (Gesto et al., 2016 ). In the current study, even when the chasing protocol before sampling was applied at least 14 hours after the previous stressor, we cannot discard the possibility that the repeated exposure had induced a longer-lasting physiological response. Plasma levels of other stress markers (glucose, lactate) usually follow a similar trend than cortisol after an acute stressor in fish (Wendelaar Bonga, 1997) .
Those increases usually occur due to cortisol and catecholamine actions on fish glucose metabolism, together with the increase in muscular activity upon exposure to a physical stressor. In this case, fish exposed to chasing stress for the first time, developed the usual increase in levels of plasma glucose and lactate. However, post-stress glucose levels were lower in fish repeatedly exposed to stress than in naïve fish. The reason for this is not known but it could relate to the inability of the fish to maintain the same levels of glucose in the blood due to the repeated mobilization of glucose. However, liver glycogen data do not support this hypothesis, since glycogen levels were not reduced in the ST/Dt and the ST/Nt groups, indicating that these fish were
A C C E P T E D M A N U S C R I P T
10 able to keep the elevated metabolite demand associated with stress. Therefore, a more plausible explanation for the reduced levels of plasma glucose in the repeatedly stressed fish could rely on the reduced catecholamine levels as discussed later. Post-stress lactate levels usually increase after acute stress in fish, partly because of a typical stress-induced increase in activity leading to a higher degree of anaerobic glycogenolysis (Van Ham et al., 2003) . In this study, similarly to what happened with plasma glucose levels, post-stress lactate levels were lower in fish exposed repeatedly to stress than in naïve fish. Again, this was unlikely a consequence of the inability to maintain the same level of energy metabolites in the blood after repeated exposure to chasing. In this case, the observed reduced levels of lactate could be also explained by a reduced behavioral response after repeated exposure to the chasing protocol. Even considering that the swimming activity was not evaluated in this study, an evident alteration of the post-stress behavior was observed in the fish submitted to repeated stress: fish submitted for the first times to the stressor generally displayed a prompt escaping behavior. However, during the last exposures to the chasing protocol, the fish were barely moving during the chasing protocol. The reason of this behavioral inhibition is not known, but the reduced swimming activity could at least partly explain the reduced lactate levels in the repeatedly stressed groups. A role of plasma catecholamines and brain monoamines on this behavioral response cannot be discarded and will be commented later.
One of the fastest components of the fish stress response is the release of catecholamines from the chromaffin cells in the head kidney as a result of the stress-induced activation of the brainsympathetic nervous system-chromaffin cells axis (Wendelaar Bonga, 1997) . In teleost fish, as in other vertebrates, the plasma levels of catecholamines increase rapidly after acute stress and also recover relatively fast when the stressor is no longer present . The release of adrenaline and noradrenaline is species-and stressor dependent (Wendelaar Bonga, 1997) and in this regard, flatfishes are a special case among teleosts: they seem to lack adrenergic cardiac innervation (Donald and Campbell, 1982; Mendonça and Gamperl, 2009 ) and have a limited humoral adrenergic response to stress (Mendonça and Gamperl, 2009; Milligan and Wood, 1987) .
Thus, flatfish generally show post-stress plasma catecholamines levels that are much lower than in other teleosts such as rainbow trout Mendonça and Gamperl, 2009; Milligan and Wood, 1987) . To the author's knowledge, the present study is the first report for plasma catecholamine levels in S. senegalensis, and they have been found to be very similar to those reported in other flatfish species (Mendonça and Gamperl, 2009 ). However, we were not able to detect any stress-induced effect on plasma catecholamine levels in naïve fish exposed to the chasing
11 stress for the first time, compared to controls. This apparent lack of catecholaminergic response to stress could be the result of our sampling protocol: plasma catecholamines increase in a matter of seconds after stress in fish (Fabbri et al., 1998; Gesto et al., 2013) and, because of the time needed to net and anesthetize the fish, the levels observed in our control group were likely higher than those corresponding to the basal, not manipulated state. Interestingly, the levels of both noradrenaline and adrenaline were lower in all groups exposed to repeated stress than in the control group. This could be indicative of a lower release of catecholamines after repeated stress exposure, suggesting that the response of the brain-sympathetic-chromaffin axis was attenuated in those trained groups, which in turn points to a certain degree of habituation or modulation of this axis to the stressor. Furthermore, reduced catecholaminergic activation may well be the cause of the observed reduced levels of glucose and lactate in those groups, since catecholamines have a primordial role in mobilizing energy metabolites from glycogen stores in vertebrates (Fabbri et al., 1998; Wendelaar Bonga, 1997) . In agreement, studies in rats indicate that plasma catecholamines decrease after chronic immobilization stress (Mc Carty, 2016) .
A hepatic glycogen reduction associated with stressful conditions has been reported in fish (Conde-Sieira et al., 2014; Sangiao-Alvarellos et al., 2005; Vijayan et al., 1990) . In Senegalese sole, the effect of stress on liver parameters differs among the available studies. In most available studies a decrease in the levels of glucose and glycogen was observed (Arjona et al., 2009; Costas et al., 2011 , though no changes occurred in others .
In the present study, metabolite levels in liver did not suffer significant changes in naïve fish submitted to chasing. However, fish submitted to reiterative stress (ST/Dt and ST/Dt+Nt) presented lower hepatic glucose levels than naïve fish, similarly to what was observed for plasma glucose.
Furthermore, in ST/Dt+Nt group this decrease was significant probably because this group experienced the double of stress events. Taken into account that the glycogen reserves only decreased in the ST/Dt+Nt group, the decrease in the liver glucose levels, at least in the ST/Dt group, seem to relate to a lower glucose mobilization due to the lower levels of catecholamines, as commented before.
Another of the first components of the vertebrate response to stress is an increase of the activity of monoaminergic neurons in certain parts of the brain, which has been suggested to be part of the mechanism in charge of stress recognition and of the initiation of the stress response Lim et al., 2013; Winberg and Nilsson, 1993) . The ratio between levels of 5HIAA and 5HT, used as an indirect estimator of the serotonergic activity (Winberg and Nilsson, 1993) , is
consistently increased after exposure to different types of stress in fish (Conde-Sieira et al., 2014; Gesto et al., 2013; 2015; 2016; Øverli et al., 2001; Winberg and Nilsson, 1993) . In this study, poststress serotonergic activity in telencephalon and hypothalamus of the S. senegalensis groups exposed to repeated stress were generally higher than in control fish, and tended to be also higher than in naïve fish, especially in the case of the fish submitted to the chasing stress during day and night. This data, similarly to what was shown by plasma cortisol levels, show that fish were increasingly affected by the repeated chasing protocols, and therefore are also in support of a lack of habituation of the fish to the chasing stressor in the time frame used in this experiment. On the other hand, the role of the dopaminergic system in the development of the stress response is not clear (Gesto et al., 2015) , but it has been related to aggressiveness modulation in fish submitted to social stress in an antagonist manner to the serotonergic system (Gesto et al., 2015; Summers and Winberg, 2006) . In the present study, the hypothalamus showed lower dopaminergic activity in ST/Dt and ST/Nt than naïve fish suggesting that dopaminergic system can be modulated in this tissue when a repeated stress protocol is applied. However, no changes in dopaminergic parameters were observed in the telencephalon after prolonged stress, which is in agreement with previous studies (Gesto et al., 2015) . These data reflect the neural plasticity of the different brain areas, which is believed to be of relevance in the processes of learning (Johansen et al., 2012; Sorensen et al, 2013 ).
It has been described in fish, as in mammals, that brain monoamine neurotransmitters (DA, NA and 5HT) as well as neuropeptides like CRH mediate the biochemical switching in promoting adaptive behavioral stress responses (Sorensen et al., 2013; Winberg and Nilsson, 1993) . Thus, the brain serotonergic system appears to inhibit aggression and spontaneous locomotor activity in fish whereas the dopaminergic system acts in the opposite way (Winberg and Nilsson, 1993) . These associations are also reflected in the results here presented on the fish locomotor activity and monoaminergic activity. The corticotropin releasing hormone plays a key role in the regulation of the physiological response to stress in vertebrates (Alderman et al., 2008) and forebrain crh mRNA abundance has been shown to increase upon exposure to acute stress in fish (Huising et al. 2007; Manuel et al. 2014a) , and in S. senegalensis in particular (Doyon et al., 2005; Gesto et al., 2016; Wunderink et al., 2011) . The binding protein for CRH-related peptides, CRH-BP, modulates CRH actions in vertebrates. Its functions in fish are not well known, but its expression is mostly restricted to the CNS (Alderman et al., 2008) and has been suggested to have a modulatory role in the fish response to acute stress but not to chronic stress (Wunderink et al., 2011) . In our study, as expected,
13 the stress protocol also induced an increase in the mRNA abundance of crh in the hypothalamus of naïve fish. However, the post-stress levels of CRH transcripts in the three experimental groups exposed to repeated stress were lower and similar to those found in control fish. The downregulation of the mRNA abundance of crh could be part of a negative feedback mechanism involving cortisol action at the level of CNS in the repeatedly stressed fish. Previous studies with trout indicate that although cortisol levels remained elevated after a prolonged social stress, crh mRNA abundance in the preoptic area recovered basal levels in a few days under stress (Hostetler et al., 2013) . Accordingly, in mammals unaltered levels of crh mRNA abundance after a repeated stress protocol were also observed, suggesting that crh mRNA abundance can habituate to a repeated and predictable stress (Pinnock and Herbet, 2001) .
Finally, it is also worth to note that fish trained only during the night showed in several parameters (circulating levels of glucose and adrenaline, hepatic levels of glucose and 5HIAA levels and 5HIAA/5HT ratio in hypothalamus and telencephalon) no significant changes compared to naïves in contrast to the other trained groups. These results suggest that circadian processes could be affecting the stress response and/or the habituation capacity of the fish, suggesting the presence of a lower neural plasticity during the night. In accordance with this, it has been reported in fish that stress response show day-night differences (Landford, 2003; Manuel et al., 2014b Manuel et al., , 2016 . In Senegalese sole, it has also been reported that the HPI axis response under acute stress is higher during the night (López-Olmeda et al., 2013) .
Conclusions
Altogether, the plasma cortisol and brain serotonergic data suggest that the fish were not habituated to the stress and that the repeated stressor was too strong and/or the training period too short for the fish to be able to adapt and reduce their physiological response in order to save energy resources. However, in spite of the lack of an attenuated HPI response to stress, some mechanisms seemed to be operative to at least reduce the behavioral response to stress. Accordingly, the trained fish showed lower post-stress levels of CRH, catecholamines, glucose and lactate, and an evident inhibition of the dopaminergic activity and behavioral response to the stressor after three days of repeated exposure. Based on that, it seems that both neuroendocrine axes involved in the fish stress response, the HPI axis and the brain-sympathetic-chromaffin axis, may response differently in terms of speed and degree of habituation to a repeated stressor, as has been observed in rats (De Boer et al., 1989 . serotonergic ratio in the telencephalon of Senegalese sole not exposed (control; black bar), single exposed (ST/naïve; striped bar) or reiterative exposed (white bars; during the day ST/Dt, the night ST/Nt or both ST/Dt+Nt) to handling stress. Bars represent the mean ± SEM (n=10). Different letters indicate differences among the experimental groups (P < 0.05).
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Figure 7.
Levels of mRNA of crh and crhb in the hypothalamus of Senegalese sole not exposed (control; black bar), single exposed (ST/naïve; striped bar) or reiterative exposed (white bars;
during the day ST/Dt, the night ST/Nt or both ST/Dt+Nt) to handling stress. Bars represent the mean ± SEM (n=10). Different letters indicate differences among the experimental groups (P < 0.05).
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Highlights: -Handling stress may result in productivity losses in aquaculture.
-Animals can sometimes habituate to a reiterative stressor by reducing the physiological response that such stressor evoked initially.
-Solea senegalensis is an interesting species in European aquaculture and the knowledge regarding potential stressors and the species stress habituation is still limited.
-Parameters related to the physiological stress response are evaluated in plasma and brain to obtain information regarding the overall status of animal after stress exposure.
-Results suggest that there is not a habituation to repeated acute stress in Solea senegalensis, although a possible modulation of the stress response occurs in trained fish. 
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Figure 1
